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Abstract 
Studies using static probing guarantee the precision of measurements and reliability of results which are of fundamental importance 
for the entire design process. More and more new modeling and calculation schemes and concepts using the direct results of static 
probing have been developed and still are being developed based on direct probing parameters, which is the result of a very rapid 
development of this approach, and increasingly more common use by designers and constructors in various research centers 
working in the field of soil mechanics, geotechnics and geoengineering.  
This paper presents the estimation of load bearing capacity based on direct parameters obtained from the results of static probing 
test of ground, which are mainly used in engineering in Poland and in Europe, and which form the basis for new ideas and concepts 
for calculation. The calculations of the reference pile foundation based on the results of the actual study conducted for the road 
overpass in the expressway currently under construction near Miáomáyn town in Warmia-Mazury province are shown in the paper 
using the described methods 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Gradual, although continuous and ongoing progress of positive social and economic changes determines the 
development of the entire construction industry, including in particular the development of residential, industrial, 
manufacturing, power and, above all, road infrastructure, not only at national but also at the local level (municipal and 
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district roads). The result is that many investments have to be carried out in areas with unfavorable of geological and 
engineering structure, where the bearing soils occur at a depth of a dozen, and sometimes even tens of meters below 
the surface, which necessitates the use of deep indirect foundations, of which pile foundations are the most commonly 
used. They are often the only option for the building foundation. Years and wealth of experience by a wide engineering 
circle (geotechnics, designers, engineers, geologists) clearly indicate that the fundamental and the most reliable 
method for designing load bearing capacity of piles is the one based on the results of static and dynamic load tests. 
The purpose of this paper is to present the selected methods of estimating the load bearing capacity based on direct 
parameters obtained from the results of static probing test of ground, which are mainly used in engineering in Poland 
and Europe and which form the basis for new ideas and concepts for calculation. The calculations of the reference pile 
foundation are based on the results of the actual study conducted for the WS6 road overpass in the S7 expressway 
currently under construction between Miáomáyn and Ostróda Póánoc. 
 
2. Field methods for ground testing 
The basic output element for the solution of each assumed engineering task is optimal, and above all, correct 
investigation of geotechnical conditions and determination of geotechnical parameters of the land based on them. The 
guidelines in European standards indicate the basic parameters, both physical and mechanical, which have to be 
determined in the study. For this purpose, the authors of detailed technical specifications on the geotechnical design 
(the so-called Eurocode 7) indicated the field tests of ground, which they considered the most effective and most 
common. For each of the methods, detailed rules and conditions of implementation are given, as well as specific 
factors to be taken into account in individual tests and their interpretation to ensure the correctness of performed 
works. The standard indicates the following ground field tests: 
x DP – dynamic probing test; 
x SS – press-in and screw-on probe test; 
x SPT – standard penetration test; 
x PMT – pressuremeter tests; 
x PLT – plate loading test; 
x DMT – flat dilatometer test; 
x FVT – field vane test; 
x CPTu – tests with the measurement of pore pressure (u1 in cone zone or u2 in cone shoulder part, and after 
u3). 
The best solution would be to carry out the tests using several field methods, compare and correlate them, and 
further verify them using the results of laboratory tests. Unfortunately, both economic factors and the duration of work 
do not enable to use various investigation methods [1, 6, 10]. Years of practice in solving versatile geoengineering 
tasks in geotechnical environments worldwide allow us drawing the conclusion that testing carried out by static 
probing is the answer to this question. It has been confirmed by the assessment of various testing methods in 
determining the geotechnical parameters presented by the engineers associated in the International Society for Soil 
Mechanics and Geotechnical Engineering, as shown in the table below. 
Table 1. The extent of suitability of field tests in the geotechnical investigation (A – high, B – medium, C – low), [5]. 
Test Soil 
type 
Geological 
profile 
u Ø Su ID cv k G0 ıh OCR ı-İ 
CPT B A - C B A/B - - B B/C B - 
CPTU A A A B B A/B A/B B B B/C B C 
DMT B A C B B C - - B B B C 
FVT B C - - - - - - - - B/C B 
SPT A B - C C B - - C - C - 
DP C B - C C B - - C - C - 
The analysis of the table enables to unequivocally state that the field testing by static probing, particularly by 
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measuring pressure in soil pores (CPTu) is one of the most versatile tests and enables to specify the largest number of 
parameters which define and comprehensively identify the soil both in terms of shear strength and compressibility. 
 
3. Direct methods for determining the load bearing capacity of foundation piles based on the results of static 
probing 
 
The determination of the load bearing capacity of pile foundations based on the results of direct parameters obtained 
during the penetration of the ground using a static probe is more and more frequently used in Poland, and it is one of 
the basic approaches to geotechnical tasks related to indirect foundation of buildings in Western Europe. In the near 
future, however, it will be the standard method worldwide and will be used for estimating the load bearing capacity 
of both indirect and direct foundations. More and more new modeling and calculation schemes and concepts using the 
direct parameters of static probing are being developed as the result of a very rapid development of this approach and 
increasingly more common use by designers and constructors in the calculation of various geotechnical tasks in many 
research centers working in the wide fields of soil mechanics, geotechnics and geoengineering [10]. It is also 
determined by the fact that a continuous social and economic development is observed, which directly translates to 
carrying out more and more new and various construction projects, including linear facilities, and thereby building 
them in areas with unfavorable geological structure and often complex and difficult soil and water conditions, such as 
wetlands and river valleys, where the bearing soils occur at a depth of at least few to several tens of meters, which in 
turn often results in the need to use deep intermediate foundations, including piling.  
More and more experience is gathered with the current variety of construction projects that are used for the 
refinement and improvement of methods and calculation approaches. Generally speaking, however, a model load 
bearing equation is used when employing a direct method of estimating the load bearing capacity of piles based on 
parameters of the static probing of soil. This is the classic approach, and the resulting methods differ in the way of 
determining the values of individual resistances under the base of the pile (qb,k) and on its side surface (qs,i,k) and the 
averaging of unit resistances under the probe cone at the base of the pile  ( cq ) or along the side surface  (qs,i,k)   and 
unit resistances on the friction sleeve side surface (fsi).  Furthermore, the methods differ in the values of coefficients 
of load bearing capacity of the base and the side surface (\1, \2, \3) depending on the consideration of the resistance 
qc or friction fs, which in turn depend on the type of soil and the degree of compaction or plasticity. All these variables 
are also interdependent on the pile type and its construction [7, 8, 9].  
The paper shows the results of nine selected methods for determining the load bearing capacity of pile foundations 
based on direct parameters of penetration of the ground obtained by static probing. The selection was made according 
to the applicable Polish design standard, the engineering practice regarding the use of calculation approaches in other 
European countries, and above all the domestic solutions confirmed by many correlation results of test loads of piles, 
which take into account regional and local specificity of ground in Poland. In the beginning, we describe the results 
obtained using the method described in the standard applicable to European Union countries including Poland, 
commonly known as Eurocode 7 – EN 1997-2:2007. Then we show the results obtained using Bustamante, Gianeselli 
(1983), De Beer, Van Impe (1997) and Philipponnata (1979) methods, which have been used for years in Europe and 
are the basis for many models and computer programs. Finally, we present the results of the method developed and 
increasingly used in Poland, which include: Wiáun method, Gwizdaáa method (1984, 1997), as well as the methods 
from Adamczyk (1978), Energopol (1979) and Gwizdaáa and StĊczniewski (2004, 2006) [1, 2, 3, 4]. 
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where:    
cq  - average, unit resistance of soil cone tip in the zone at the base of the pile [kPa],   
csiq - average unconsolidated soil resistance cone tip within the i-th layer computing [kPa],  
sif - average unit resistance of the soil on the side surface of the sleeve of the probe within the i-th layer of 
computing [kPa], 
1\ - rate capacity base,   
2\ - the load factor of the skirt around the i-th layer calculation (with consideration the resistance qc) 
3\ - the load factor of the skirt around the i-th layer calculation (with consideration the resistance qc) 
 
4. The calculation of the load bearing capacity of the reference foundation pile and the analysis of the obtained 
results 
 
The calculation of the load bearing capacity of the reference pile has been carried out for the results of static probing 
made in the locations of the bridge structure support. The calculation procedure has been carried out for all calculation 
methods for characteristic values for the evaluation of load bearing capacity presented and described in the paper. In 
addition, the pile load bearing capacity has been evaluated based on archival results of engineering and geological 
tests using the indirect method described in PN-83B-02482 in order to compare calculation approaches. The results 
have been then confronted primarily with the results of the limit values of the characteristic load bearing capacity 
resulting from the dynamic load test conducted on a bridge at the location of the support. The reference pile, which 
has been actually built and for which the calculations have been carried out is a reinforced precast concrete C40/50 
type 12, with a length of 16 m and dimensions 0.4x0.4 m in cross-section. The elevation of the pile head is 103.52 m 
above mean sea level and the elevation of its foot is 87.52 m above mean sea level. The pile was installed in the ground 
using Banut 700 piling hammer weighing 50 kN. The data range from static probing corresponding to altitude 
elevations of the pile was used for calculations. The coefficients of the load bearing capacity of the base and the side 
surface were selected depending on the author's concept based on the type of native substrate, the diameter or diagonal 
cross-section of the pile, the resistance variation on the cone of the static probe, or with respect to the interpreted 
condition of subsoil. The results have been presented in Table 2 below, which shows the characteristic load bearing 
capacity of the pile divided into the load bearing capacity of the pile base and the load bearing capacity of its side 
surface. The results obtained using direct methods were first compared to the results obtained from the dynamic load 
test. According to virtually all worldwide industry standards and guidelines, the quality control of the piling works is 
essential in virtually every geoengineering task.  
As already mentioned, the most commonly used revision of the results is dynamic or static load testing of the pile 
foundation. Test loads have just been done on the facility using the dynamic method separately in the location of each 
support for each pile. The global load bearing capacity of the test pile thus obtained was Rck= 2499 kN. On the other 
hand, the load bearing capacity evaluation conducted as a part of this paper, based on direct methods of static probing 
has shown that virtually all methods yielded lower values than the limit value assumed from the test load. 
The only higher value was obtained based on the algorithm by Gwizdaáa and StĊczniewski (2004, 2006), which 
was Rc,k = 2506 kN, but it exceeds the load bearing capacity by only 0.3% compared to the limit load bearing capacity, 
which can be considered as almost ideal overlap of obtained load bearing capacities. Such consistence of load bearing 
capacities results from the extensive calculation algorithm by these authors, which is already an advanced method of 
determining the load bearing capacity based on the static probing test, confirmed with many years of observations and 
measuring experiments from the test loads of piles in the field. This work and the separation of calculation steps 
depending on specific ground types (division not only by compactness, but also by the grain size) and with reference 
to specific methods of pile implementations and their material, yielded a very good final result.  
Only the Gwizdaáa method of 1998 gave the lowest estimate of the bearing capacity equal to Rc,k= 1964 kN, which 
represents 78.6% of the limit load bearing capacity. However, this may result from the fact that this method is 
dedicated to drilled large-diameter piles, and we have tested a precast hammered pile in this example with a low 
equivalent diameter which is 0.452 m. 
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Table 2 The summary of results of the load bearing capacity of the reference pile based on data from static probing. 
Seq. 
No. Calculation method 
Rbk Rsk Rck 
[kN] [kN] [kN] 
1 Dynamic loading test 669 1830 2499 
2 EUROCODE 7 (as per EN 1997-2:2007) 747 1689 2436 
3 Bustamante and Gianeselli (1983) 1062 1396 2458 
4 De Beer, Van Impe (1997) 959 1466 2425 
5 Philipponnat (1979) 1093 1221 2314 
6 Adamczyk (1978) 1308 1153 2461 
7 Energopol (1979) 595 1894 2489 
8 Wiáun (1987) 1013 1263 2276 
9 Gwizdaáa (1998) 589 1375 1964 
10 Gwizdaáa and StĊczniewski (2004, 2006) 1018 1487 2506 
11 PN-83/B-02482 (ground condition parameters based on archival tests) 407 1128 1535 
 
6. Conclusions 
Static probing used worldwide for many years, and recently also in Poland, becomes more and more trusted by 
Polish geologists, geotechnics and designers. These tests are becoming standard tests for subsoil for increasingly 
broader construction industry. Their advantage over other ground testing methods results from several undeniable 
facts: Testing provides data characterizing the ground profile continuously, and it is conducted in a natural state of 
stress and grain size while maintaining moisture conditions, which allows the identification of the characteristics of 
ground with the precision down to one centimeter based on a continuous reading of direct measurement data (qc, fs 
and u2) along with the depth of penetration of the probe tip. Such a resolution of results during the multi-level 
interpretation further enriched with external parameters (e.g. laboratory testing of ground samples) allows very precise 
determination and identification of the type of ground, thickness and the extent of individual layers, estimation of their 
strength and deformation parameters and, in addition, the assessment of uniformity of geological structure and 
determination of the load history. The obtained result opens a very wide range of possibilities for use in all kinds of 
geoengineering tasks and becomes an essential tool for the investigation of ground regime for the design engineering 
practice. The resulting spectrum of ground characterization data can be used directly when designing of both direct 
and deep foundations, including pile foundations, e.g. to estimate the load bearing capacity and settlement. The actual 
reflection of geological conditions enables to optimize the costs associated with foundation engineering while 
maintaining the main value, which is structural safety. 
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